A new equation to estimate annual canopy evaporation with depth of storage capacity effects was evaluated in this study. The inputs to derive the equation were: the precipitation data with a different temporal resolution ranging from one hour to twenty four hours; and the depth of storage capacity varies from 0.1 to 10.0 mm. The estimated annual canopy evaporation from the equation was compared with interception loss measured from others locations in Japan and around the globe. The results shows that annual canopy evaporation can be estimated by taking account the effects of depth of storage capacity into the equation. The equation can be applied to several locations across Japan and around the world.
INTRODUCTION
There are many models developed to determine interception loss [1] [2] [3] . Two models that are widely used to predict interception loss on the basis of climatological data and vegetation characteristics are the Rutter model 4) and the Gash model 5), 6) . Rutter model was developed on the basis of pine plantation observation data, but it applicable to other systems for which appropriate data are available. The Gash model is modification of the Rutter model. The model simplifies the simulation of interception and requires less detailed climatic data but nevertheless gives good results 6) . Models of interception loss have been developed to make predictions based on rainfall and canopy characteristics 7) , 8) . From the previous study 4),9), 10) , the researchers found that canopy structure, evaporation rate during storm and rainfall rate are the factors affecting the rate of interception loss, and Gash et al. 5) found that the evaporation of intercepted water is a major role in the water balance, especially during the long periods of gentle rain. Liu et al. 2) mentioned that canopy interception is affected by vegetation, meteorological and rainfall factors.
In application of canopy evaporation models such as Rutter model, hourly or rather shorter resolution data sets are needed. However, high resolution data is not always available especially in developing countries. Besides, lack of canopy characteristics and meteorological data also may effects the estimation of interception value.
Some researchers 11, 12) found that forest properties (e.g. leaf shape, canopy height and stem density) may effects canopy evaporation. When examining difference in rainfall interception induced by forest properties, the use of the canopy storage parameter is more suitable than the use of the annual interception ratio 13) . This is because the canopy storage parameter does not include the effects of variations in meteorological conditions between sites while the annual rainfall interception ratio includes it 14) . However, it is difficult to determine the canopy storage parameter from observed data 15) , therefore, relationship between the canopy storage capacity and leaf area index (LAI) may be applied.
This study is designed to evaluate a simple equation with minimum input to estimate the annual canopy evaporation. The inputs of the equation are the annual precipitation and depth of storage capacity of the forest. To validate the equation, the canopy evaporation values derived from the equation were compared with rainfall-interception values determine at several locations in Japan and also around the world. This is to prove that the equation can be applied in Japan and globally. The references data were obtained from other researchers' papers. To design data with temporal resolution, hourly precipitation data was calculated as an average value for each resolution. In this process, the total precipitation during divisions is preserved for all temporal resolutions. This is to avoid the computational error during calculation. Details description of the site and data preparation was described in Bakar and Lu 16) . In basic description of the interception process, the rainfall event can be characterized by the rainfall intensity, storm duration, T d ; and storm break period, T b . During the rainfall event, there are three phases that the canopy water storage undergoes that are wetting phase, saturation phase and drying phase but if the storm intensity is too weak or the duration of the rainfall is too short, the canopy does not reach the saturation before the storm ends. For this case, there are only two phases involve that are wetting and drying phase. The conditions considered to determine the interception are as follows:
DATA PREPARATION AND THEORY DESCRIPTION
where T f is the throughfall, P is the rainfall, d is the depth of storage capacity, S is the storage, E c is the interception and E p is the potential evaporation. The potential evaporation, E p was calculated by
Priestley-Taylor ; γ is psychometric constant (0.677); and R n is the net radiation. But in this study, the potential evaporation was calculated as Eq. (4).
This value was already calibrated in Yamamoto and Lu 18) study. R n is calculated by Eq. (5).
The slope of saturation vapor pressure function of temperature is determined by the saturation vapour pressure, e sat and temperature, T a (Cel deg) of the ground. e sat was calculated by Eq. (6).
The relationship between interception and temporal resolution was derived from various depths of storage capacity (from 0.1 to 10.0mm) and temporal resolution (from 1 to 24hrs). The range of the depth of storage capacity is wide enough so that it is applicable to all types of canopy. The range value of depth of storage capacity can be very wide as proved by laboratory experiments 14) and field based interception observations 15 . The function of physical interception was determined at temporal resolution 0 hour because at this time the temporal resolution is extremely high whereas longer averaging time indicated lower temporal resolution. The relationship between interceptions with temporal resolution for each depth is shown in Fig.1 . When the depth is 0 which means there is no vegetation cover, there will be no interception process however when the depth is approaching infinity, all the rainfall will be intercepted. From this theory, the function of the interception can be expressed by the following equation:
( )
is the annual interception value (mm), P is the annual precipitation (mm), and d is the depth of storage capacity (mm).
For the case where the depth of storage capacity difficult to determine, the function of LAI with canopy capacity can be applied. For example, the empirical relations can be expressed by: 
RESULTS AND DISCUSSIONS
To validate the equation, interception values from various locations across Japan and around the globe obtained from others studies were compared with canopy evaporation loss established from the equation. 24 locations across Japan were selected from the study by Komatsu et al. 22) as shown in Fig.2 . A rainfall interception model developed by Kondo et al. 23) as applied by Komatsu et al. 22) to determine the interception loss in the study. Regions with heavy rainfall are excluded because snowfall interception processes are different from those of rainfall interception 24, 25) and type of vegetation was divided into two that are coniferous and broadleaf. The depth of storage capacity of coniferous and broadleaf is 2.0 and 1.75 mm respectively. The results of the calculated interception loss and interception loss from Kondo's model are presented in Table 1 and are plotted in Fig.3 . As shown in Fig. 3 As shown in Table 1 , the highest overestimate values are from Matsumoto station. As reported, this station received small amount of rainfall in a year that is 934mm because it is situated far from the Pacific Ocean. The highest underestimate values are from Kochi station where this station received large amount of rainfall that is 2674mm per year because it is located along the Pacific Ocean. Despite the difference in annual rainfall, rainfall amounts were greater during summer than during winter for all the stations were also affecting the finding of the results. As mentioned by Schellekens et al. 26) , overestimation of interception mainly occurs for small events, while underestimation of interception occurs for heavy storms events. The different between broadleaf and coniferous will effect the results of canopy evaporation by the depth of storage capacity value. Fig.2 Locations of data in Japan used for this study.
(Adopted from Komatsu et al. 22) ). To validate the equation for global application, eight countries were selected as references namely Spain 27) , Japan 28) , France 29) , Australia 30) , United States 31) , Columbia 32) , Malaysia 33) and China 34) . These reference studies have different vegetation types and storage capacity values and details of the studies and the results of the measured and calculated interception loss were shown in Table  2 and illustrated in Fig.4 .
In global references, thinned plots of Quercus itex evergreen oak in France 29) give the highest overestimate value (26.73%). This is because, in thinned plots, the stems with diameter at breast height (dbh) smaller than 6cm was removed and it reduces the canopy basal area by 33% and caused the canopy cover fraction to decrease by 34%. Valente et al. 7) proved that evaporation decrease linearly in proportion to canopy cover. This shows that interception loss decreased in thinned plots depends on the reduction of the canopy cover fraction. The storage capacity was also decreased to 1.7 mm as compared to control plots 2.6 mm. The different value of measured interception loss between control plots with thinned plot is 14.5% of the different by the calculated values. While study at Hutchinson creek of complex mesophyll vine forest in Australia 30) give the highest underestimate value (53.89%). As reported, Hutchinson creek is a lowland coastal rainforest where it received 40% of the storms below 10mm in the wet season, compared to 85% in dry season. The rainfall rates at the lowland coastal sites tend to be higher than rates at the mountain sites, especially as there is no cloud interception input at the location. 34) Seasonal analysis from the study also shows that in this site, the dry season simulation was very close to measurements, and most of the data occurred during the wet season. Dry season interception fractions are consistently greater than wet season fractions because there are more small storms which are lost as interception. Because of those factors, it is expected that underestimation happened due to differences between actual evaporation and precipitation rates in any given wet season compared to the fixed seasonal values used in the model.
From the results in Table 2 , there are 15 sites with error less than 25% and only 7 sites with error more than 25%. Based on Moriasi et al. 35) , model simulation can be judged as satisfactory if BIAS ± 25%. Because of that, it can be claimed that the performance of the equation is fairly good agreement with the measured interception loss.
CONCLUSION
This study was designed to evaluate a new equation to estimate annual canopy evaporation with a minimum input data. The equation shows that the annual canopy evaporation loss can be determined by the depth of storage capacity and the annual precipitation of the selected area as the input. For validation, results from the equation were compared with interception data obtained from the sites with different forest properties. We believe that the equation can be applied in Japan and around the world.
